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Abstract  30 
Two-stage cultivation for microalgae biomass is a promising strategy to boost lipid 31 
accumulation and productivity. Most of the currently described processes use energy-32 
intensive centrifugation for cell separation after the first cultivation stage. This laboratory 33 
study evaluated alkaline flocculation as low-cost alternative separation method to harvest 34 
Nannochloropsis oculata prior to cultivation in the second nutrient-depleted cultivation stage. 35 
Biomass concentration over time and the maximum quantum yield of photosystem II 36 
expressed as Fv:Fm ratio showed identical patterns for both harvesting methods in both 37 
stages. The composition of total lipids, carbohydrates, and protein was similar for biomass 38 
harvested via alkaline flocculation or centrifugation. Likewise, both harvest methods yielded 39 
the same increase in total lipid content, to 40% within the first 2 days of the nutrient-depleted 40 
stage, with an enrichment in C16 fatty acid methyl esters. Centrifugation can therefore be 41 
replaced with alkaline flocculation to harvest Nannochloropsis oculata after the first 42 
cultivation stage. 43 
 44 
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Introduction 47 
 48 
Microalgae are a promising resource for the production of renewable oils (Sheehan et al., 49 
1998; Wijffels and Barbosa, 2010). The applications of microalgae oils are diverse: They can 50 
be used for biofuel production such as biodiesel or jet fuel (Delrue et al., 2012; Greenwell et 51 
al., 2010), but they can also be valuable for food industries because of their high content of 52 
omega 3, 6, and 9 long-chain polyunsaturated fatty acids (PUFAs) and in the cosmetic 53 
industry (Markou and Nerantzis, 2013; Neofotis et al., 2016). Although biofuels from 54 
microalgae are not yet commercialized, food and cosmetic applications are already in the 55 
market today (Ruiz Gonzalez et al., 2016; Skjanes et al., 2012; Spolaore et al., 2006). 56 
 57 
Lipid accumulation in microalgae can be increased by different stress factors such as 58 
temperature, light intensity, or nitrogen or phosphorus starvation (Pal et al., 2011). Lipids are 59 
synthetized as energy and carbon reserve to stress conditions and accumulated as 60 
triacylglycerids (TAG) in the cytoplasm. However, applying any of these stress factors during 61 
cultivation to boost lipid accumulation decreases biomass productivity (Guschina and 62 
Harwood, 2006). In order to maintain a high biomass productivity, recent studies have 63 
proposed two-stage cultivation strategies: optimization of productivity in the first stage and 64 
optimization for lipid production in the second stage by application of a stress factor such as 65 
pH, nutrient starvation, light intensity, or CO2 supply (Doan and Obbard, 2014). The 66 
advantage of two-stage cultivation is that one can operate at the optimium for growth in the 67 
first stage followed by operating at optimal lipid accumulation conditions in the second stage. 68 
This strategy was efficient with Neochloris oleoabundans cultivation coupled to a pH-shock 69 
regime in the second stage, resulting in up to 35% w/w of TAG (Santos et al., 2014). 70 
Scenedesmus obtusus also responded favorably when its cultivation was coupled to addition 71 
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of sodium chloride in the second stage, yielding a total lipid content of 47.7% w/w; 49.8% 72 
w/w when nitrogen starvation was applied in the second stage (Xia et al., 2013). 73 
Nannochloropsis sp. reached a total lipid content of 40% w/w when adjusting irradiance and 74 
temperature in the second stage of cultivation (Mitra et al., 2015), 45% w/w when adjusting 75 
salinity (Su et al., 2010), and 48% w/w after addition of sodium acetate (Doan and Obbard, 76 
2014). The strain Chlamydomonas sp. exhibits a total lipid content of 59% upon salinity 77 
increase and nitrogen starvation in the second cultivation stage (Ho et al., 2014). 78 
 79 
The most frequently used and most effective strategy to induce lipid accumulation is 80 
nutrient starvation (Pal et al., 2011; Wijffels and Barbosa, 2010). Applying this strategy in a 81 
two-stage cultivation approach requires a rapid modification of the medium composition that 82 
is achieved by harvesting of the biomass and re-suspending the biomass in a new, nutrient-83 
limited medium. In such a two-stage cultivation approach, the biomass is usually harvested by 84 
means of centrifugation (Gruber-Brunhumer et al., 2016; Li et al., 2015; Liu et al., 2015; 85 
Mitra et al., 2015; Santos et al., 2014). This method of harvesting, however, requires large 86 
capital expenses and is energy intensive, factors that become especially problematic when 87 
scaling up. When biomass is harvested to transfer it to a new cultivation medium, complete 88 
dewatering is not essential, and a simple primary concentration method, such as flocculation, 89 
can be used (Vandamme et al., 2013).  90 
 91 
When the biomass is to be transferred to the new medium in a two-stage cultivation 92 
process, the flocculation process needs to be reversible so that the cells can be re-suspended. 93 
Several approaches have recently been developed for reversible flocculation of microalgae. 94 
One attractive approach is alkaline flocculation, which is flocculation induced by precipitation 95 
of magnesium ions from the medium at high pH between 10.1 and 10.7 (Castrillo et al., 2013; 96 
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Schlesinger et al., 2012; Vandamme et al., 2015b). After primary concentration of the 97 
biomass, these magnesium precipitates can be easily removed from the biomass by gentle 98 
acidification to pH 8 and the cells can be re-suspended without affecting the quality of the 99 
biomass, a process described as reversible alkaline flocculation (Vandamme et al., 2015a). 100 
Therefore, alkaline flocculation could be a reliable method for microalgae harvesting in any 101 
two-stage cultivation process without the need for any external coagulant. 102 
 103 
In this study, we compared reversible alkaline flocculation versus centrifugation as a 104 
concentration and separation method for Nannochloropsis oculata in a two-stage cultivation 105 
process to boost lipid accumulation by nitrogen starvation. We monitored biomass 106 
concentration, the maximum quantum yield of photosystem II expressed as Fv:Fm ratio, and 107 
composition of the biomass throughout the complete process for both separation methods in 108 
order to assess the impact of the harvesting process on biomass production and lipid 109 
accumulation.  110 
 111 
Materials and methods 112 
 113 
Two-stage cultivation of Nannochloropsis oculata 114 
 A two-stage cultivation process was used to boost lipid accumulation in the marine 115 
microalga Nannochloropsis oculata 38.85 (SAG). In the first stage, Nannochloropsis was 116 
cultured for 7 days in synthetic seawater (30 g L-1 synthetic sea salt; Homarsel, Zoutman 117 
Belgium) that was enriched with nutrients according to the formulation of Wright’s 118 
Cryptophyte medium (10 mM-N, 1 mM-P) (Guillard and Lorenzen, 1972). Prior to the second 119 
stage, the biomass was harvested by either centrifugation or flocculation and re-suspended in 120 
the same synthetic seawater medium without addition of nitrogen and phosphorus (0 mM-N, 0 121 
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mM-P). In this second stage, Nannochloropsis was cultured for 8 days. Cultures were grown 122 
in 2-L air-bubble-column photobioreactors and irradiated with daylight fluorescent tubes at a 123 
light intensity of 60 Einst m−2 s−1 measured at the surface of the reactor. Growth of the 124 
microalgae was monitored by measuring the absorbance (OD) at 750 nm. Absorbance was 125 
calibrated with micro-algal dry weight (DW) between 0 and 0.9 g L-1, which was determined 126 
gravimetrically by filtration using Whatman glass fiber filters (Sigma–Aldrich) and drying at 127 
105°C until constant weight (DW = 0.65*OD – 0.03; R2=0.99). The specific growth rate (µ; d-128 
1) was calculated using eq. 1 (Moheimani et al., 2013): 129 
μ = ln
212−1      (1) 130 
where Nt1 and Nt2 are the biomass densities at time t1 and t2, respectively. 131 
During the course of the experiments, the maximum quantum yield of photosystem II, 132 
determined by ratio of variable versus maximal fluorescence; Fv:Fm, was measured using an 133 
AquaPEN PAM fluorometer (Photon Systems Instruments). This parameter is a sensitive 134 
indicator of the stress experienced by microalgae and was used to monitor the potential 135 
impact of the harvesting/resuspension process as well as nutrient stress on the microalgae 136 
(Maxwell and Johnson, 2000). Measurements were conducted in triplicate after 20 min of 137 
dark adaptation of the microalgae. 138 
 139 
Biomass harvesting and re-suspension 140 
Between the first and the second cultivation stages (day 7), the biomass was harvested and re-141 
suspended in the nutrient-depleted medium. Harvesting using reversible alkaline flocculation 142 
followed by sedimentation was compared with centrifugation. Alkaline flocculation was 143 
induced by addition of 0.5 M NaOH (Vandamme et al., 2015a). The optimal dose of NaOH 144 
was determined in a preliminary jar test using a magnetic plate stirrer (IKA RT 15). To 145 
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standardize the dosage of NaOH, the pH of the culture medium was adjusted to pH 6 prior the 146 
experiment by addition of 0.5 M HCl. In the jar test, the microalgal suspension was mixed 147 
intensively during dosing of NaOH (3 min, 1000 rpm), following by a period of gently mixing 148 
(20 min, 250 rpm) and 30 min of settling. The separation efficiency, or the percentage of 149 
microalgae biomass removed from suspension, was calculated based on cell count prior to pH 150 
adjustment (CCi) and after settling (CCf): 151 
Separation efficiency (%) = 1−  ∗ 100         (2) 152 
The optimal dosage of NaOH to induce alkaline flocculation in this preliminary 153 
experiment was found to be 2.5 mM, which was used to harvest the biomass in all subsequent 154 
flocculation experiments (Suppl. Figure 1). These experiments were carried out in cylindrical 155 
jars containing 1 L of microalgae broth, and mixing was achieved by magnetic stirring (same 156 
stirring time and speed and settling time as in jar tests). The separation efficiency was 157 
calculated using eq. 2. After settling, the volume of the settled sludge was 101± 7 mL. Based 158 
on this result, a fixed volume of 100 mL for all the settled biomass samples was used for 159 
further treatment to ensure accurate comparison between all flocculation and centrifuged 160 
samples. The settled biomass was acidified to pH 6 using 4 ± 0.7 mL of 0.5M HCl to allow 161 
dissolution of magnesium (Vandamme et al., 2015a), followed by centrifugation at 10,000g 162 
for 10 min at 21°C. The biomass pellet was then resuspended in 30 mL of ammonium formate 163 
(0.5 M) followed by centrifugation at 10,000g for 10 min at 21°C. This washing step was 164 
repeated 3 times to eliminate salt accumulation in the second cultivation stage. The biomass 165 
pellet was subsequently washed three times in an identical manner using 30 mL of Mili-Q 166 
water to remove any residual nitrogen. Finally, the concentrated biomass was re-suspended in 167 
900 mL marine medium without major nutrients (N, P), as described in the previous section, 168 
prior to the start of the second cultivation stage.  169 
 170 
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In the second treatment, 1 L of Nannochloropsis was centrifuged at 10,000 g for 10 171 
min at 21°C (SORVAL ultracentrifuge, ThermoFisher Scientific). To use the same volumetric 172 
split as in the flocculation treatment, 900 mL of supernatant was removed by decantation, and 173 
the remaining 100 mL was identically treated as the flocculatd biomass samples: pH was 174 
adjusted until 6 and the biomass pellet was washed as previously described. The biomass 175 
pellet was subsequently resuspended in nutrient-free Wright’s Cryptophyte medium prior to 176 
the start of the second cultivation stage. 177 
 178 
Biomass analysis 179 
 Total carbohydrates, total protein, total lipids, and fatty acid methyl esters (FAME) 180 
were analyzed for samples before and after reversible alkaline flocculation and centrifugation 181 
treatments. Carbohydrates were extracted and measured with the phenol-sulfuric acid method 182 
using glucose as the standard monosaccharide (Dubois et al., 1956). Total protein was 183 
analyzed using a Lowry assay with bovine serum albumin as the standard (Lowry et al., 184 
1951). Total lipids were analyzed based on a colorimetric reaction using sulfo-185 
phosphovanillin with canola oil (Supelco) as the standard (Mishra et al., 2014). The FAME 186 
content was analyzed using direct transesterification, and the obtained FAMEs were separated 187 
by gas chromatography (GC) with cold on-column injection and flame ionization detection 188 
(FID) (Thermo Scientific Trace GC Ultra) using a Grace EC Wax column (length, 30 m; ID 189 
0.32 mm; film, 0.25 m) (Ryckebosch et al., 2012). The time–temperature program was 70–190 
180°C (5°C/min), 180–235°C (2°C/min), and 235°C (9.5 min). Fatty acid identification was 191 
performed using standards containing a total of 35 different FAMEs (Nu-check). Peak areas 192 
were quantified with Chromcard for Windows software (Interscience). 193 
 194 
Statistical analysis 195 
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The two-stage cultivation process was repeated in three separate photobioreactors for each 196 
treatment. All mean values are reported with one standard deviation around the mean. The 197 
separation efficiency for alkaline flocculation versus centrifugation was evaluated using a 198 
paired t-test with a level of significance of 0.05. The FAME analysis was statistically 199 
evaluated using a three-way analysis of variance (ANOVA) test among FAME content, 200 
cultivation stage, and separation method, with a level of significance of 0.05.  ANOVA was 201 
followed by Tukey’s post-hoc test to analyze pairwise differences. Normality of the data was 202 
determined with the Shapiro-Wilk normality test (Sigmaplot 11, Systat Software Inc.). 203 
 204 
Results and discussion 205 
 206 
N. oculata was cultivated first in a nutrient-replete conditions followed by a nutrient-207 
depleted cultivation stage. Figure 1 presents biomass concentration and the Fv:Fm ratio as 208 
function of cultivation time. At day 7, the biomass was harvested via alkaline flocculation or 209 
centrifugation and resuspended in nutrient-depleted medium. Figure 2 shows that the 210 
harvesting efficiency for alkaline flocculation was almost the same as for centrifugation after 211 
the nutrient-replete (N+; p=0.062) and the nutrient-depleted stages (N-; p=0.277). After 212 
settling, the volume of the settled sludge was 101± 7 mL, which was equal to a concentration 213 
factor of 10. The sludge volume is very much dependent on the dosage of base. This could be 214 
reduced by optimizing the dosage which would lead to higher concentration factors 215 
(Vandamme et al., 2013). This is however beyond the scope of this study, which aims at 216 
demonstrating the potential of alkaline flocculation as a low-cost method for transferring 217 
microalgae from stage 1 to stage 2 in a two-stage cultivation process. 218 
Biomass growth (Fig. 1A) was the same for all experiments in the first stage (N+), and 219 
alkaline flocculation led to slightly greater growth in the second stage (N-). In N+, the 220 
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biomass concentration increased from 0.05 to 0.5 g L-1 over 7 days. In N-, the biomass 221 
concentration continued to increase in a roughly linear manner up to ~1 g L-1. The computed 222 
specific growth rate (µ) was ~3 times lower in nutrient-free medium (µ = 0.09 d-1) when 223 
compared to nutrient-rich medium (µ = 0.3 d-1). Although N concentrations in the medium 224 
were not measured, we assume that the medium in N- did not contain any residual nitrogen 225 
because the biomass was washed multiple times with MiliQ water prior to resuspension in the 226 
nutrient-deplete medium. It is not unusual to observe continued growth of microalgae in 227 
nitrogen-depleted medium in two-stage cultivation experiments. Su et al. (2010) reported an 228 
increase in dry weight biomass concentration from 0.66 to 0.85 g L-1 for Nannochloropsis 229 
over the first four days in the nutrient-depleted phase and attributed this to the production of C 230 
metabolites. Gruber-Brunhumer (2016) observed similar effect for Acutodesmus obliquus. 231 
The Fv:Fm ratio showed virtually identical patterns for both harvesting methods in 232 
both stages (Fig 1B). After inoculation, the Fv:Fm ratio increased sharply once the initial lag 233 
phase in the growth curve was passed (about day 1). However, the Fv:Fm ratio stabilized at 234 
~0.6 at about day 4. While the Fv:Fm ratio decreased slightly to 0.55 at the beginning of the 235 
second stage, it returned to ~ 0.6 for both harvesting methods. This observation is in line with 236 
previous published work for centrifugation-based two-stage cultivation of Desmodesmus sp., 237 
Nannochloropsis sp. and Tetraselmis sp. (Gruber-Brunhumer et al., 2016; Su et al., 2010). 238 
Our results show additionally that replacing centrifugation with alkaline flocculation leads to 239 
similar biomass productivities in the second, nutrient-depleted stage. Thus, pH changes 240 
involved in reversible alkaline flocculation (pH 11 to 6) did not affect the biomass 241 
productivity nor the viability of the microalgae compared to centrifugation for this microalgal 242 
strain. 243 
 244 
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Total lipids, carbohydrates and protein were monitored during the entire cultivation 245 
process, and the results are summarized in Figure 3. The three parameters were similar for 246 
biomass harvested by alkaline flocculation or by centrifugation. Total lipid content (Fig. 3A) 247 
increased to 10% in the nutrient-replete stage, and then it increased rapidly to 40% during the 248 
first 2 days of the nutrient-depleted stage. Su et al. (2010) also reported a comparable rapid 249 
increase in total lipid content for Nannochloropsis oculata, from 10% to 38% after 48 hours 250 
in nitrogen-depleted medium. However, the light irradiation during cultivation was 5-fold 251 
higher compared to this study.  252 
Carbohydrates (Fig. 3B) decreased gradually from 28% to 15% in the nutrient-replete 253 
stage. However, after the first day in the nutrient-depleted stage, the carbohydrate content 254 
dropped significantly, from 15% to 4.5%, but stayed stable afterwards. Protein content 255 
(Fig. 3C) increased from 60% at day 0 to 70% at day 2, decreased back to 60% at day 4, and 256 
remained constant until day 9. At day 11, protein content decreased to 40%.  257 
 258 
Under nitrogen starvation, the photosynthetically fixed carbon flow is turned from the 259 
protein synthesis metabolic pathway towards lipid or carbohydrate synthesis pathways 260 
(Markou et al., 2012). However, nitrogen and/or phosphorus starvation only caused lipid 261 
accumulation for Nannochloropsis sp., and not carbohydrate accumulation. Moreover, 262 
(Rodolfi et al. (2009) reported in laboratory trials that lipid synthesis may continue in 263 
Nannochloropsis sp. during N-starvation not only at the expense of other cellular components, 264 
but also starting from newly fixed carbon, which is generally coupled with enhanced lipid 265 
productivity (Rodolfi et al., 2009). In summary, the present results showed a distinct shift in 266 
biochemical composition over cultivation time. In the nutrient-repleted stage, proteins were 267 
accumulated while total carbohydrates gradually decreased. In the nutrient-depleted stage, 268 
lipid accumulation was boosted within 48 hours at the expense of total carbohydrate content, 269 
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and this to an equal degree for cells harvested via alkaline flocculation or centrifugation. 270 
These present results show that the proposed two-stage culture strategy using alkaline 271 
flocculation was effective for increasing lipid production from Nannochloropsis oculata.   272 
 273 
Table 1 summarizes the total FAME content of the biomass and its composition. In 274 
parallel the 4-fold increase in the total lipid content during the nutrient-depleted phase 275 
(Fig 3A, N-), the total FAME content increased from ~10% at the end of the nutrient-replete 276 
stage to >25% in the nutrient-depleted phase.  C16:0 and C16:1 significantly increased in the 277 
replete phase, while the content of long chain FAMEs C18:2; C20:4 n6; C20:5 and C22:0 278 
remained constant. This means that the microalgal biomass was enriched in C16, in 279 
accordance with previous studies on the impact of nitrogen limitation on FAME profiles for 280 
Nannochloropsis oculata (Huang et al., 2012). The most important trend is that the FAME 281 
content and composition were not affected by flocculation versus centrifugation; 282 
Supplemental Table 1 shows no significant interaction between FAME content and separation 283 
method (p = 0.0090). Both methods allowed a similar boost in FAME content and relative 284 
biomass enrichment in C16 FAME.  285 
 286 
Alkaline flocculation was induced in this study by addition of 2.5 mmol of sodium 287 
hydroxide and re-acidification with 2 ± 0.4 mmol of hydrochloric acid; re-acidification allows 288 
magnesium recycling. The acid and bases additions correspond with doses of 0.20 ton sodium 289 
hydroxide ton-1 biomass and 0.16 ton hydrochloric acid ton-1 biomass, which is in line with 290 
previously published results for reversible alkaline flocculation of Phaeodactylum 291 
tricornutum (Vandamme et al., 2015a). This would lead to a slight increase in medium 292 
salinity, which is only 0.12 g L-1, or 04% of the salt content in marine conditions. However, 293 
base and acid addition would increase overall costs by minimum of US$ 150 ton-1 biomass. 294 
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Alternatively, slaked lime could be used to induce alkaline flocculation which could decrease 295 
costs by 50%, while using CO2 for re-acidification could potentially eliminate the need for 296 
hydrochloric acid. 297 
 298 
Conclusions  299 
Centrifugation can be replaced by alkaline flocculation in a two-stage cultivation 300 
process of Nannochloropsis oculata. Biomass growth, separation efficiency, and lipid content 301 
and composition were the same in the nutrient-depleted stage, irrespective of the harvesting 302 
method. This means that the economic benefits eliminating centrifugation in a two-stage 303 
cultivate based on nutrient depletion can be realized without affecting biomass productivity 304 
and composition. 305 
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Figures and Tables 426 
 427 
Figure 1: (A) Biomass concentration and (B) maximum quantum yield of PSII expressed as 428 
Fv:Fm ratio as function of cultivation time for Nannochloropsis oculata in a two-stage 429 
cultivation process (N+ = nitrogen replete; N- = nitrogen depleted) using reversible alkaline 430 
flocculation versus centrifugation as separation processes ( ± 1; n = 3). 431 
 432 
Figure 2: Separation efficiency (%) for alkaline flocculation and centrifugation of 433 
Nannochloropsis oculata at the end of the nutrient-replete (N+) and the nutrient-depleted 434 
cultivation stages (N-). 435 
 436 
Figure 3: (A) Total lipids, (B) total carbohydrate, and (C) total protein contents of 437 
Nannochloropsis oculata in a two-stage cultivation process (N+ = nutrient-replete; N- = 438 
nutrient-depleted) using reversible alkaline flocculation versus centrifugation as separation 439 
process ( ± 1; n = 3). 440 
 441 
Table 1: FAME profile (w/w %) of Nannochloropsis oculata in a two-stage cultivation 442 
process (replete N+/deplete N-) using reversible alkaline flocculation (F) versus 443 
centrifugation (C) as separation process 444 
 445 
 446 
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Supplementary Data 447 
 448 
Suppl. Fig 1: Reversible alkaline flocculation dose-response curve for Nannochloropsis 449 
oculata ( ± 1) 450 
 451 
Suppl. Table 1: Summary of 3-way Analysis of Variance between FAME, cultivation stage 452 
and separation method. 453 
  454 
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Table 1: FAME profile (w/w %) of Nannochloropsis oculata in a two-stage cultivation 461 
process (replete N+/deplete N-) using reversible alkaline flocculation (F) versus 462 
centrifugation (C) as separation process 463 
Fatty acid N+ (day 7) N- (day 16) N+ vs N- 
 F C p F C p p 
C14:0 0.6±0.1 0.6±0.0 0.999 1.7±0.2 1.8±0.2 0.973 0.034* 
C16:0 1.7±0.1 1.7±0.0 0.858 9.1±0.2 8.6±1.3 0.608 <0.001* 
C16:1 2.2±0.2 2.2±0.1 0.720 7.3±0.9 7.0±1.1 0.732 <0.001* 
C18:1 oleic 0.4±0.0 0.4±0.0 0.936 2.3±0.8 2.2±0.4 0.891 <0.001* 
C18:2 0.3±0.0 0.3±0.0 0.936 0.4±0.1 0.6±0.2 0.864 0.703 
C20:4 n6 0.5±0.1 0.6±0.0 0.873 0.8±0.2 0.9±0.1 0.945 0.612 
C20:5 3.9±1.1 4.5±0.2 0.155 4.0±0.7 4.5±0.2 0.633 0.949 
C22:0 0.1±0.0 0.1±0.0 0.936 0.1±0.0 0.1±0.0 1.00 0.975 
Total (%) 9.7±1.6 10.3±0.4 0.155 25.7±2.7 25.6±3.5 0.918 <0.001* 
* significantly different for a level of significance of 0.05 464 
 465 
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Highlights:  467 
• Alkaline flocculation could replace centrifugation in two-stage cultivation 468 
• Total lipid content increased >3-fold during the nitrogen-depleted cultivation 469 
• Biomass was enriched in C16 fatty acids methyl esters after two-stage cultivation 470 
 471 
 472 
Suppl. Table 1: Summary of 3-way Analysis of Variance between FAME, cultivation 
stage and separation method. 
Source of Variation Degrees of Freedom p-value 
FAME 8 <0.001 
Cultivation stage 1 <0.001 
Separation method 1 0.775 
FAME x cultivation stage 8 <0.001 
FAME x separation stage 8 0.990 
Cultivation stage x separation method 1 0.619 
FAME x cultivation stage x separation method 8 1.000 
 

